As an electromechanical product, the performance of a magnetic bearing (MB) is determined not only by the original design, but also by the process and the assembly process. The location hole is a necessary part of the machining and assembly. In this paper, the influence of the location hole on the performance of the magnetic bearing is analyzed by the combination of equivalent magnetic circuit method and finite element method. The main performance with and without location hole are compared in detail, including magnetic field distribution, bearing capacity, current stiffness and displacement stiffness. Through the analysis, the sufficient margin for installation process should be fully guaranteed at design stage.
Introduction
Bearings are very important as supportive components in high-speed machines. The performance of the bearing will be related to the overall performance of the motor. Magnetic bearings(MBs) support the rotor by using magnetic forces. There is no contact between the magnetic bearing stator and the rotor. Compared to the conventional mechanical bearings, MBs have many advantages, including no lubrication, no mechanical wear, and less maintenance [1] [2] [3] [4] [5] [6] .
Turbo-molecular pumps (TMPs), as an important type of industrial equipment, have been widely used in process, which needs an ultra-clean environment such as chemical vapor deposition, etching processes, and so on [7] .Therefore, in order to obtain an ultra-clean vacuum environment, the oilfree AMBs (Active Magnetic Bearings) technology were widely employed in the TMP system [8] [9] [10] . The object studied in this paper is a radial magnetic bearing(RMB) used in a TMP.
Many literatures focused on the magnetic force, stiffness and structure optimization of MBs [11] [12] . Less literatures paid attention to effect of the processing on the MBs. As an electromechanical product, the performance of a magnetic bearing (MB) is determined not only by the initial design, but also by the process and the assembly process. The location hole is a necessary part of the machining and assembly. In this paper, the influence of the location hole on the performance of the magnetic bearing is analyzed comprehensively by the finite element method. Firstly, the analytical model of the initial design of RMB is derived by the equivalent magnetic circuit method. Secondly, the main performance indexes of location hole and without location hole are compared in detail, including magnetic field distribution, bearing capacity, current stiffness and displacement stiffness. Finally, the conclusion was given out.
Structure of Magnetic Bearing
The structure of the RMB to be measured in this paper is shown in Fig.1 . This RMB is designed for a vacuum TMP system. The RMB has a symmetrical geometry structure. This configuration is the most typical structure and most widely used radial active magnetic bearing. Eight stator iron cores are constructed for four magnetic poles. 
Analytic Model Based on Equivalent Magnetic Circuit
(2) MMF matrix NI is 1 
where N is the turns of coils; , 1,2...,8 n I n = is the current of each coils. The reluctance matrix ℜ can be written as 
where the reluctance of each air-gap in x direction and y direction is defined as 
Due to the symmetrical structure, when the rotor is at the equilibrium position, the reluctances can be simplified as x1
x 
When the magnetic bearing will exert the maximum force in +Y direction. NI b and NI c indicate the bias and control MMF in the coil respectively. The following conditions should be satisfied. 
Substituting (3) and (9) 
Based on the virtual work principle, it can be calculated 
where ,α is the angle between magnetic pole and y direction; here,α equals to22.5°; Fig.2(a) shows the bias magnetic flux density distribution of initial design without location hole. Fig.2(b) shows the bias magnetic flux density distribution of RMB with location hole. It can be seen from Fig.2 , with the location hole, the bias flux density at magnetic pole iron decrease from 0.7T to 0.6T. Fig.3(a) shows bias air-gap magnetic flux density of initial design without location hole. Fig.3 (b) shows the maximum air-gap magnetic flux density curve of RMB with location hole. It can be seen from Fig.3 , the bias flux density is about 0.56T. Location hole has little influence on the bias magnetic flux density of air-gap. Fig.4 shows the flux leakage at the location hole. From Fig.4(a) , it can be seen that bias flux leakage at the location hole is about 0.3T. From Fig.4(b) , it can be seen that the maximum flux leakage at the location hole is about 1.04T. Therefore, Because leakage is relatively large, other electromagnetic devices, such as eddy current sensors, should not be installed near the location hole. 
Influence of Processing Location Hole

Effect on Magnetic Flux Density Distribution
Effect on Magnetic Flux Density of Air-gap
Effect on the Magnetic Flux Leakage at the Location Hole
Effect on the Capability and Stiffness
The main performance parameters of the location hole are listed in Table I 
Conclusion
In this paper, the influence of the location hole on the performance of the magnetic bearing is analyzed comprehensively. Based on analysis results, it has shown that location hole has a small influence on the magnetic field distribution of stator. Location hole has little influence on the magnetic flux density of air-gap. However, flux leakage at the location hole is not small. Therefore, some electromagnetic devices, such as eddy current sensors, should not be installed near the location hole. Through the analysis, it can be concluded that capability of RMB was deceased by 10.5% ; current stiffness of RMB was deceased by 7.7% ; displacement stiffness of RMB was deceased by 7.2% .Therefore, the sufficient margin for installation process should be fully guaranteed at design stage.
